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(57) Abstract 

A nonaqueous electrolyte secondary cell characterized in that the material of the positive plate is a mixture of a first oxide being a 
spinel oxide substantially consisting of lithium, manganese, a metal different from manganese, and oxygen and a second oxide different 
from the first oxide and substantially consisting of lithium, nickel, cobalt, a metal different from nickel and cobalt, and oxygen. 



h-^l^^—m.itmt. y^-^A^, =-V'^/l^b. =iy<;VVt. =-y^7V 



AE 




DM 




KZ 




RU 




AG 




DZ 




LC 




SD 




AL 




E E 




L I 




SE 




AM 




E S 




LK 




SG 




AT 




F I 


:7 ^ >' -7 V K 


LR 


y-<y T 


S I 




AU 


X hyVT 


F R 




LS 




SK 




AZ 




OA 




LT 


y hT^T 


S L 




B A 




G B 




LU 




SN 




BB 




G D 




L V 




S Z 


:^9v?y K 


BE 




G E 




MA 


^ D -/ =3 


TD 


^Y— K 


B F 




GH 




MC 




TG 




BG 




GM 




MD 




T J 




B J 


^•^^^ 


GN 


^— r 


MG 




TM 




BR 




GR 




MK 




TR 




BY 




GW 








TT 


h y =^5/ K . Vy<zf 


CA 




H R 


i7 □ r^T 


ML 


-r y 


TZ 




CF 


^fJtr y ;t; 


HU 


^->-:</y — 


MN 




UA 




CG 




I D 




MR 


^— y ij'zix 


UG 




CH 




I E 




MW 




US 




C I 




I L 




MX 




UZ 




CM 




I N 


-r > K 


MZ 




VN 




CN 




I S 




NE 




YU 




CR 


3 ^ ^ • y ^ 


I T 


'f^' y r 


NL 




Z A 




cu 


^at. — y< 


J P 


B:*: 


NO 


y — /^C^al — 


ZW 




CY 




KE 




NZ 








CZ 




KG 




P L 








DE 




KP 




PT 








DK 




KR 


mm 


RO 


/w— r 







wo 00/52773 PCT/JPOO/00731 

m m w 



5 e^^f^if 



10 m^^m 

hm-^mitm (L i c o 02 ) . V '^^j^-=-y^/i-m.^mit^ (l 

i N i O2 ) , D (LiMn^o^) ts:t^^ 

v;^?":/^^^^!:^^ (LiMn^O^) ^5;^am$t^TV^So 

b;ei^L, r CD y ^'^i^--^i/;tf i^m-^^^^b^ (LiMnaO.,) ^, 



1 



wo 00/52773 



PCT/JPOO/00731 



yuo iltr # 5 ^ » CO fg T ^'^ # V ^ b T 5 o 

^\^mm.^^-r^v j^-'^iytfiym.^m.itm (LiMnsO^) <dm 

nj^^^^. Co. Cr. N i /.^ ^(DmS7C*-e-Sf|5gmL, ^H^«i^^ 
[J.Electrocheni.Soc.,vol.l43,No.l,pl78 (1996) #HSJ „ 

^^X'. ^iiX-f^^ggsp 8 - 4 5 4 9 8 -^^^{C*3VNT. 

20 */c. f^mw- 1 1 - 3 6 9 8 ^-^i^mst-v^i^mw 11-54122 



2 



wo 00/52773 



PCT/JPOO/00731 



3 



wo 00/52773 



PCT/JPOO/00731 



10 xM n 2-yM lyO^,^ (Mlf^Al, Co. Ni, Mg, F e^^h^il^m 
<y^0. 1,-0. 2^z^0. 2) T'^^tLS U ^ "^/i^,- -7 V 

1 xMna.yM lyO^^ iCjottSM 1 t LTttA 1 . Mg (7)^-/^ < tt 1 
15 «^5$?ilT*foSo 

— SulEH-^'fLi^ir UXfS, mfife^L i 3M 2bN i ,C OjOa (M 

2 ttA 1 . Mn . Mg , T i h ^J: ^m^^ hM^^ 'Pti < t 1 m 
(DjbMX^y)^ S.O0<a<l. 3, 0. 02^b^0. 3, 0. 02 
^d/ (c + d) ^O. 9, b + c + d = l) X'^^fh^m-B-^it!^^ 

20 mrfk-r^ :l t:d^X^ ^UT, r(D>f>T'^j, M2^Mni:L, Ifi^jS: 
L i ^MribN i OdOa {^ljoV^T 0 . l^d/ (c + d) ^0. 5i 

T'2 0 : 8 0-8 0 : 2 O t-t^CD^K M^M^mnX ^ ^ t\^^ 0 UM. 



4 



wo 00/52773 



PCT/JPOO/00731 



ii^ifeK^/ctiM-a^^ij^^sMm^is^^ (SEM) vmmL. lo 

/i^ht. mmt:^^hmf^^n^i)^. h?>^^'^v ^^j^^t. =iy<;uht. 
=^y</i- h ti^m^j^^^mt. mmt^^hmf^^n. mmm-mti^Ru 



5 



wo 00/52773 



PCT/JPOO/00731 



t4 i& T ^ C r t # ^ [ M.Menetrier et al, "The Second 
Japan-France Joint Seminar on Lithium Batteries, November 23- 
24,1998, Morioka, Japan" ,p.83 #BSJ „ 

Hiiia^H^^l:4^<^ LTf*. Mfife^L i ,M 3 fC o i.f02 (M3f*AU 
15 Mn. Mg. T \ i)^ht^:^mt^hmiK^f\^^<i^ti:<^ t%\n(D5bmx^ 

•9, aoo<e<i. 3, o^f^o. 4) xmi^fx^^^^mit^^M 

:i tTi^X"^ ^ LT. :z.(D^^xi^. M3 g , t i (D^i^fj: < 

i 1 air L. Mfife^L i ^M3 fC o i.fOs {:l^5V^T 0 . 0 2 ^ f ^ 0 . 
8 0-8 0 : 2 0 <i:-r^<7)/5^ ffi^»^#i^T-^ S t V> 7 ib^il 



6 



wo 00/52773 



PCT/JPOO/00731 



itX^ im~^<tm : (HH^-fb^l^) = 9 0 : 1 0 ~ 1 0 : 9 O <bi-5~ 

h^m-^mti^fow-i^nm^s^ 1 Bum. ±,m%^mitmx^^^)^ 
^^m\^^m-r^iEmuwj.^(D{^(Dm^wmz.^\^^x\-x. #N7km^i 



7 



wo 00/52773 



PCT/JPOO/00731 



^(D^mUP[. SnOs, SnO, T i O2 , N b 2O3 t*c^S{i;5SiE" 

^tz. 07kmm-m<DmmtLxn. ^^u^:^-^^^^- h (eo . 

:7°C3 t'"Ui/;^7 — 7}<Jt>— h (PC) , t'^ U>';^7-/}^';^— h (VC) , ^ 
5 ^i/>';^-#'^^- h (BC) ^nhti^?^^^i-:ti- 
f (DMC) , v?ai^/l-;^7 — h (DEC) , 
^ — ■^^^h (EMC) . 1, 2 -iy^ h^iy^'^^ (DEE) . 1, 
2->^^ h^iX^iJ':/ (DME) . 3i}>drVp( h^i^^i^l^ (EME) 

10 

^3mi-i.M^Atm,nLc 1 ~c 8 (Dm-Mmwm^Tjk-rtt^mxh^o 
m 5 mfi.a^D <t ®mE i ~e 4 (DrnMrn^^^Tr^-nt^mxh^o 

memn.m,i^r> tmniF i ~f 4(D^»iii#^^7j^-ri:b|{flil-efe5o 

^ 7 iii{*..m?i!iD ^ffimG 1 ~G 4 (D^mmwm^Tjk-ntmmx^^, 

20 

25 ^T(Dmmi '-mmsi'^^ :$:^m(Dmi(7)mmi^vt^mMm^^\^x 



8 



wo 00/52773 



PCT/JPOO/00731 



<^l^ 1 > 

mm-^i^^^'^ (Mn{No^)2)tmmr/i'^=^^M, (a i (N03)3)i ^, 

L i tM n t A I 1 : 1 . 95:0. 05 (D'^Jl^it t^J^^Xt) 

-^Lfcm^ :K:^^-e8 0 o"c-c2 o^rsiiJi^iafS^. ^mnmi 

5 u m<D^a^^L i Mn i.9sA 1 0.05O4 XM^ti^ V 

L i OH,t5i®?=. 5/>ryP (N i (N 03)2) <^ iT^^ =1 ^-^/W h (C o(N 
03)2) t m^'^^^:fJl^ (M n (NOala)^ Li^NitCoiMn;^^ 
1:0. 6:0. 3:0. 1 O)^ /i-it t ti: ^ 0 i^M^ l^tz^. 
15 IS^^'T* 7 5 0°CT-2 0 B#fPbT||^^S^, *&#L. 1 0 /z m(7)m 

^^-L i N i o.eCOo.aMno.iOs "C^^tLS U ^ f> - -/ ^/L'- y< 

:7 tyfbt'^ y -7='^ 5MS§I5<Z>N — p« 2 - t°n y K (NMP) ^ 

0°CX I^^WiM'^^'^X^X ^ lEll^f'^MLy^Co 
25 ^^Iil&9 5S»gp^ ^ ;t?y 7 ^vfbt''^ y 7="^^ 5SS^(^NM 

p?^v^^ ^M^tj^^:^^ y — ^i^MLfco ^(D;^*^^ y-^l^m*^ 



9 



wo 00/52773 



PCT/JPOO/00731 



h (Dimmit 1 : 1 (DU^^m^. 1 ^e/UX]) h L i P Fg ^ 
: 4 mm ; iil $ 5 0 mm. ^|^^»5 8 

10 (it®?^] 1 ) 

±mmmm(DsEmi^^^^x . lEmmm^t \^x')^^~u-^iyi3iy^ 

:it&.m'i±m^^mmmAtmmi^Lx. ttmm^x 2^f^^Lfco 
(ti:mm 3 ) 

20 h^;|i^^fl^Jt^ im~mitm <^^^fflv>fcr tJI^A^^iie:*:^ 

B^mmA^iBi^tciLT. itgjmmx 3 ^f^ML;^co 

(lt|5?«^j4) 

{\tmm 5 ) 

1 0 



wo 00/52773 



PCT/JPOO/00731 



jit2^j6S^joE^^{-*3v>T. ^-mitmt brm^^L i n i o.8c o" 

5 Ml 



m m u 


IE m u n 




. L i Mn 1. 95 A 1 0. 05O4 
L i N i 0. 6 C 0 0. sMn 0. 1 0 2 


i:tmmnL X 1 


LiMn1.95Alo.05O4 


it,^mm X 2 


L i M n 2 0 4 


it|5?ffi?lll X 3 


L i N i 0. eCoo. zMuo. 


itmrnni X4 


L i M n 2 0 4 

L i N i 0. 6 C 0 0. gMn 0. 1 0 2 


X 5 


L i Mn 1. 95 A 1 0. 05O4 
LiNio.8Coo.2O2 



'm^±m<vx 0 {^LTi'^^Lfc3^ig0^ffl;mAs.t>'tfci{smi^x 1 ~x 5 
(D^mm^. ^ti^^tim^ (2 5°c) (^T. 1 cizm^-r^mis^m-ch 

10 5 5 8 0mA"C4. 2 V*l:'^m»€?Em Lfc^. S{31*lihm?)S 5 0 m A 
-e4. 2 V^miE^m^fTV^ -^rroft 1 C(Clffi^-r^a»SieT-fc^ 5 8 
omAT'2. 7 5 v^-e^m»S^5cmLfco :i(D t ^ (OMcM^A^ 1 C^- 

15 -5ll6mA-e2. 7 5 V ^ -e^^?)itJ|$tm^fTV\ ^(D t ^ (DWcM^M. 
^ 0 . 2 C^ftB 1 LfCo 

1 c^4Sraij^-r5i^<^^SJcm^ i i^-r iJ'/^.t lt 2 o o i?--r 



wo 00/52773 



PCT/JPOO/00731 



^Aaoo/Ai , 0. 2 CmMimnmB^ooyBi ^ikibtlo 

-■^:y:ffi^m'^mi\:!m (LiMnsO^) {c:m@7c^ (A i ) 

^tcitmmmx 3 —it^m^iiix 5 ^ , itmmm.x 1 su«itt52m-?iiix 2 

t(Dl^i:t:^^h. iE<?i{C*3V^T. L i M n d L i N i o.eC o 0.3M n d 
Oa-^L i N i o.sC O0.2O2 */cL i M n 1.95A 1 0.05O4 5- L i N i o.s 

15 C O0.2O2 Sr^#-t-S r ^{dj; "9 . ^n^n^®(?5:»^J; 19 1 

20 *:^c. ^^B>^«?t!lAi:Jt|S?m?lilX 3~X 5(Dl:btS75^!b. LiMni.95 

A 1 0.05O4 {-L i N i o.eC Oo.3Mno.1O2 ^^l^-f^ r ^ di: 19 1 



1 2 



wo 00/52773 



PCT/JPOO/00731 



5 rii.gsA 1 0.05O4 f^^^bi^^fflVNfd^i^ lae^^L i xMn2.yM ly04,, (M 
1 «A U Co. Ni, Mg, Fe fi^hfj:^nf)^hm^^f\^^'p-^^< t 
^3 1 ffi<^7U^-efc "9 . E.o0^x^l. 2. 0<y^0. 1. — O. 2 

-^^^/vYT^^^mitm (m~mitm) ti^x. m^^L i n io.6Co 

o.aMno.iOs (^^jCO^fflVN;^::;^^ L i 2 i o (M2{iAl, 

•9 . E.-0 O < a < 1 . 3, 0. 02^b^0. 3, 0. 02^d/(c 
15 +d) ^0. 9, b + c + d=l) T'* y ^/U- =3 

^it^ 10:90, 20:80, 80:20, 90:10 t^it^"^^ 

^t&.m-x. mmmtmmi^'Lx. mm.B i ~b 4 ^i^mi^tz. t lt. 



wo 00/52773 



PCT/JPOO/00731 



hm-'miti^(Dm,^itt^ 2 o~ s o mm%xh^m^i^. 1 cmmm^ 

15 f^MbfCo 



2 









c 1 


1 5 m 


2 M m 


C 2 


1 5 m 


3 M m 


A 


1 5 // m 


1 0 // m 


fl;?t!i c 3 


1 5 // m 


1 5 // m 


mw. c 4 


1 5 // m 


2 0 /I m 


C 5 


3 // m 


1 0 /z m 


C 6 


5 /i m 


1 0 // m 


«Ml C 7 


3 0 /X m 


1 0 /i m 


C 8 


3 5 /z m 


1 0 /i m 



1 4 



wo 00/52773 



PCT/JPOO/00731 



?> o 

<^^4 > 

20 (^iS^J) 

^E.mitmi^o^^Xn. I. i OHtmm='^</^ h (C o(N03)2]^F^ 
m-^^^^Z^^y^^ (M g (NOala- 6 H^O) t^. Li^CotMg;^^! : 
0. 9:0. l(D^/Ui;tt^^^Xoi^U-kLt:.^k.^m^n.^X7 5 0°C 

25 X2 o^r^mMmm. ^^i^. q^i^i^gi o miik^l i coo.9Mgo.1O 



wo 00/52773 PCT/JPOO/00731 

&mitx-i : 0. 5:0. 5 1 ^j: ^ X ^ Lx . lEmm (lEm^ 
:L<DiEmmmm^m^^x. ±mmmi tmmi^LxiEm^i'pmi^tio 

15 m^mitm i^-mitm) (D?^^m^^^ ^ ta^n^m^mmmmn t 
±mmmm<DiEmK:i3\,^x . lEmm^wt Lxv^^^j^-^^^y^/i^- 

25 (ttWim 1 0) 

±mmmm(DiEmizid^^x . lEmmmmt Lxv^^d^-^^<^^^ 

1 6 



wo 00/52773 PCT/JPOO/00731 

m^mit^ (m^mim) (D^^m^^ti:i t&.m-i±m:^mmmmi:> t- 
mmiz.i.x. itmmmY B^i^mvfzo 
(itmm 1 1 ) 

V^l7J^--^:y:ff>m^mit^ (m—mitm) d^-^^y^J^^- 
10 (itmm 1 2 ) 

±mMMm(DiEmi^is\,^x. m^mit^t \^xm.^^i^ i n io.8c o 

atmmi 3) 

±mMMMcDlEmi^i^\^^X . m—'^it'^tLXm.^^l^ IMn^O^X 

20 :z t&.^n^m^^mmmmD tmmi^i.x. ttismMiY s ^f^Mufco 

(itt!?^i 1 4) 

±mmmm(DiEmi^i6\^^x . m:i.mtmt Lxmm^L \ n i o.8c o 

25 iti5?m?!!lY 2 , Y3, Y4, Y6. ^t/Y 7 ^tl^'tiM^ 

1 {c*5tt^M:tfem-?i{ix 1 . X2. X3, X4. ^T>*x 5 i:l^cm?t!n?fc 

1 7 



wo 00/52773 



PCT/JPOO/00731 



5 o 



m 3 



ffi; a 


IE 1^ # 


-jfc- PR T> 


LlMnl.g5Alo.oso4 

L i N io. eCoo. aMno. jO, 
L i C 0 0. 9M g 0. 1 0 2 


:^mmm,nL A 


LiMn1.95Alo.05O4 
L i Nio. eCoo. aMno. 


i^tmrnni Y 1 


L i Mn 1. 95 A 1 0. 0SO4 
L i C 0 0. 9M g 0. 1 0 2 


iti^mni Y 2 


L i Mn 1. 95 A 1 0. 03O4 


r 1 _ till jSTJ"^ Vf t, WW 

itixffijih, Y 3 


L i M n 2 0 4 


i:bg?mm Y 4 


L i Nio. eCOo. aMno. lO, 


it^mm Y 5 


L i C 0 0. 9M go. 1 0 2 


tbssmm Y 6 


L i M n 2 0 4 

L i N i 0. 6 C 0 0. 3M n 0. 1 0 2 


tbtJjmm Y 7 


L i Mn 1. 95 A 1 0. 05O4 
LiNio.8Coo.2O2 


tb^Sm Y 8 


L i M n 2 0 4 

L i N i 0. eCoo. aMno. 
L i Coo. gMgo. lO, 


tb^mm Y 9 


L i Mn 1. 9s A 1 0. 03O4 
LiNio.8Coo.2O2 
L i C 0 0. 9M go. 1 0 2 



5 

1 8 



wo 00/52773 PCT/JPOO/00731 

t (Dli^itt^h. iE^{;i*3V^T. L i MnaO^ {Zl L i N i o.eC Oo.aMno.i 
O2 :i/ciL i Mn 1.95A 1 0.05O4 {;i L i N i o.sC O0.2O2 ^Zl-^i-^ 

^fc^^p^m?lilA itk^mmY 6 , y ? irtD^tt;^^^. LiMni.95 
15 A 1 0.05O4 i: L i N i o.eC Oo.3Mno.1O2 Sr^-a-T?) w i iiJ: "i) 1 

mho. 2 c^m.mnm(Dmt^i^^ <m'p\^. -^^ ^ ^^{^wo-^^m^ 
■ttiitmmnLY 1 titmrnmY 2 . y 5cDMitt)^h. iE<^i^*3v^T, 

25 ^ — L i Mn 1.95A 1 0.0SO4 {^^H^fb«i^-efeS L i C o 



wo 00/52773 



PCT/JPOO/00731 



^fcit^mmv 6 . Y 7 t itmm,m.Y 8 . Y 9(DMit^^h. IE11(C*3 
5 V^T. L i MnjO^ ^ L i N i o.eC Oo.3Mno.1O2 LiM 
n 1.95A 1 0.05O4 i L i N i o.sC O0.2O2 (^M^^Ji-^ b (31 L i C o q.^M 

go.iO^ ^m^-r^ ir i^ct . ic^mmwmRxio. 2cmmmn 

X ^ Li Mrii.gsA 1 0.05O4 ^ L i N i o.eC Oo.3Mno.1O2 t L i C o 0.9 

Mgo.iOs ^n^ir^ r <b J; «9 1 c^mmnmR-ao . 2 cmmmw 

20 ni.gsA 1 0.05O4 ^^^'fb2|^^fflV^fc^^ aefe^L i xM n 2.yM 1 .O^,, (M 
1 (iA 1 , Co. Ni. Mg. F e^^ht^^^^^hm^^tl?)P^£< t 
h 1 m<7)5v.mXh^ . aoO^x^l. 2, 0<y^0. 1. - 0. 2 

/I — =x^<^u h^M^mt^m (m—mitm LrmjsfeiCL i n io.eC o 

2 0 



wo 00/52773 PCT/JPOO/00731 

0.3Mno.iO2 60^O^fflV^fc;a^ L i 2 i ,C o (M2fiAU- 

•9 . 0<a<l. 3, 0. 02^b^0. 3, 0. 02^d/(c 

+ d) ^0. 9, b + c + d = l) -eft$tL5 y ^-^i^-— 5/>5r/^- =1 

mif^) .hLxm^^L i c oo.9Mgo.1O2 c)^)(7)^fflv^/c/55, l i^m 

SfCoi.fOs (M3(*AU Mn. Mg. T i ^ 5 ^3 jltR $ 
10 < i: ^> 1 ao5c^-e$j «9 . S.0O <e<l. 3, O^f^O. 4) 

<ll^ 5 > 

^(DMMM^it^ 10:45:45, 20:40:40. 80:10: 

10, 90:5:5 1 mt ^ :i t mmmtmmi^Lx. m 

'ah I? t ^ X? A *,/*rM 1 -^^ :z. 1 -7- usa-^^pfe t /7-v4S.>^ u rai^i-- -1 i*r 

-m.itm(Dmm m^m\tm(Dmm= 50:25:25) (D^mt^fifiH 

X ^ S o 

25 ^m-'mitm(DU^]:t7!)^ 2 0 ~ s 0 maroT-fo^m-^i-, 1 c^4*ti^ 

2 1 



wo 00/52773 



PCT/JPOO/00731 



5 <m^6> 

z(Dmf^6Xii^ iEmuni^:}^n ^m-m<tm tm^mitm(D^^it 

'^COMM.f^'^it^ 50:3:47, 50:5:45. 50:45:5, 

10 5 0:4 7:3 i: ^ -fr s ^ ^ j^^tt , mmmtwimi^Lx. mniF 
1 A^i'fmLtLo ^LT. ±mm^i cornet mmi^. icmmm 

—mtm(Dmm : ^^m.\\i^(Dm^=^ ^ o 25 : 25) (oi^^h^s^ 

15 LTfcSo 

mit'ii!}(Dm'^itr^mMiA:X 90 : 10~10 : 90 x^^m^i^. 1 c 
< 7 > 



wo 00/52773 



PCT/JPOO/00731 



^ 4 











^?l!lG 1 


1 5 m 


1 0 // m 


2 11 m 




1 5 /z m 


1 0 /z m 


3 /z m 




1 5 // m 


1 0 /z m 


1 0 /z m 


S?ttlG 3 


1 5 // m 


1 0 m 


1 5 ^ m 




1 5 m 


1 0 m 


2 0 /z m 



10 (7)2pi^;gt@;e,5 3 - 1 5 Ai m(^$5ia{:ife6S'a*{-> 1 C^Mi^^ 



wo 00/52773 



PCT/JPOO/00731 



m ^ m m 

5 y^^-t.i. -y^/i^t. ^^<7VYt. =-y'tr7VJSLXy-=i^</i^ht\-i^ 

3. Btria^— ffifigitL i xMns.yMlyO^^^ (M 1 {iA 1, 
15 Co. Ni. Mg. T Bt^hti:^mt^hm^^i^^<}^fi< bhim(D5z. 

*"efe'9. aoO^x^l. 2, 0<y^0. 1. - 0. 2^z^0. 
2) T'^^tvS y^'>A--^V;^>'^:jg-g'g?^ki^-Cfc^r ,^^ittm^-r 
4. HfrlS^~^{l::i^;65. m^fe^L i alVI2bN i o^O^ (M2 ttA 1 . 
20 Mn.Mg, T i ;6^?)/^'5l¥7?)>bjStR$tb?)/>;^^< t t 1 a<7)^S-efe 
•9 . O < a < 1 . 3, O. 02^b^0. 3. 0. 02^d/(c 

+ d) ^o. 9, b + c+d = i) xm^t\^^^t^mmt-r^mjkm 

5. tfjfS^— ^Ib^t^comfifext L i xMns-yM lyO^^ (vliJdV^T. M 1 5^5 



wo 00/52773 



PCT/JPOO/00731 



7. HtjtHm~^>ft:#>(^*flfi}c^L i gMn^N i ,C OdOs (^joV>T. 0. 

i^d/ (c + d) ^0. 5x-^^:i t^^mt -r^mi^m 6 izmm<7) 

0:80~80:20 T^-g- $ t^T V> 5 ^ i ^Wfff t "T S 1 ~ 7 

1 0 . mtd^—mitl^CD^mn^^^ 3 ~ 1 5 M mT'fe5 r ^ ^WWLt 

1 1. v^^j^t. -^i^ii-^h. ■7>:0'^t\imts:^^mt. mm t 

2 5 



wo 00/52773 



PCT/JPOO/00731 



13. MlBH — MfiJcitL i xMns.yM ly04^^ (M 1 «A U 
Co. Ni, Mg. F et^h-^i:^mfi^hm^^f\^^'P^i:< t-^imo^jt 
5 mX^-^K) . E.-o0^x^l. 2. 0<y^0. 1. —0. 2^z^0. 

2) T'^^tL^ !;^'>jU--^:/;^f^/^m^^<b«^T*fc^ w^^^ttiri- 
14. HirlE^~^'fb%;5K *lfifei*:L i ^M2i,N i Od02 (M2{^A 
U Mn. Mg. T i i)^h^^^mi^hm^^f\^^'P^i:< t t> 1 Sc^tu* 
10 l.oO<a<l. 3, 0. 02^b^0. 3. 0. 0 2 ^ d / 

(c + d) ^0. 9. b + c + d = i) x^^i\^^t^mnb-r^n 
1 1 ~ 1 3 (^v^Ti^7^)^ct^g^(7)^7Kmi5lK— ^mmo 

15. BiilS^H^^bit^:^^. *£Efe^L i eM 3 fC o i.,02 (M3{iAl, 
Mn. Mg. T i ;d^tj/^:5S¥;a^??Sf^$n^{i/V^< ^ ^ 1 SOTumr-fc 

15 <9 . E.O0<e<l. 3, O^f^O. 4) Xmi^fh^^t^W'^t't 

^m^mi i~i 4 cov>-riT.75i^{^isic(D^7kSiii?«-i«fem?i!io 

16. Mia^ — ^{LJ^COM^^ L i xM n2.yM 1 yO^^^ (::*3V^T. Ml 
;OSA 1 , ME.(D^J^fj:< t t> l«-r&Sr t^#mi:-r^f»3H:^l 3 (cfS 

20 17. HUfS^Il^^b^^COmfife^L i «M 2bN i OdOa (-*3V^T, M 
1 8 . S&ieHll^'fbi^coMBlc^L i ^MribN i o^O^ (C*^V^T^ 0 . 

i^d/ (c + d) ^o. sT-fo-s^,^ ^mmt-tmni^^ \ 7\zmm 

19. HtrfailH^'fb2^;65. Mfife^L i ,M 3 fC o i.f02 (MSfiMg, 

2 6 



wo 00/52773 



PCT/JPOO/00731 



e<l. 3. 0. 02^f^0. 2) $ ^ <b i: 

8 0 — 8 0 : 2 O-e^g-^^tLTVN^:! t ^l^m^-rSlist^Jll 1 — 19 

2 1. Hutfi^i^2^(^*3tt5), mmm-mit^t^^mits^t:bK mm 
itx- (m~mitm) (m^mitim) = 90 •. io~io : 9o-e^i'^ 

-r^m^mi 1-2 1 ov^-rtL;5^^:lI^«co#^7Km^lf«~^fcfflmo 
2 3 . ftita^-^{bi^<^¥i?&«Lm^^ 3 ~ 1 5 M mT'fcs r t 

i-Sft^3Si i~2 2cr>^/^-rH^^^c:fB«c7)^7Km<^?K-^^m?i^lo 
15 2 4. Sfrl2mH^fl:i|^cD5pi^=gz:^;6S 3 ~ 1 5 M mlffcS r i: 

•r^m^m 11-23 (Dy^-rM^\^t&i^(D^7i^mmn^d^m.mo 



wo 00/52773 



PCT/JPOO/00731 



[2ooo^7^i8p (18. 07. 0 0) m^^Bm^M : mm^^<Dm^<Dmm4 
mm t ^^hm:%m \^m^ $ ^ hf^^ m-mitm t . 

5 ffifig^L iaM2bNi^COd02 (M2fiAl, Mn. Mg, T i 7!)^ 
3, 0. 02^b^0. 3, 0. 0 2^d / (c + d) ^0. 9, b + 

c + d = 1 ) x-m^i\.^m~mitmt:b^hfii^m^m^iEmP!fAt'r^ 

3. HiliaiS — gl'fb^lO^, meKiS^L i xMna-yM 1 yO^,^ (M 1 ttA U 
Co, N i , Mg , F e 7!)^h^,^^m7!)^hm^^n^'P^J:< t 1 ffi<^7C 
15 *T-fc«9, E-OO^x^l. 2, 0<y^0. 1, -O. 2^z^0. 

2) y f^'^A--rv:^/^^^g^^<bi^-C'fesr i^#m^-r 

4. mm 

5. mriBH— .^'fk^cT^mfife^L i xMna-yM 1 y04^^ {^*5V^T, M 1 id^ 
6 . HUlE^H^'fbi^omfiJc^L i ^M2bN i o ^O^ (;l*5l^T. M2 

25 

28 



wo 00/52773 



PCT/JPOO/00731 



i^dy (c + d) ^0. 5x-;h^^t^wmtir^m-skm6\^mm(D 

5 ;6Saftj;b2 0 : 8 0-8 0 : 2 0 T'^g-^ $ HT S r t ^#tt t IS 
5i^3Si, 2, 4~7(DV^-ri^;6M:ll2^(^#^7K«fila-^>:m?l!lo 
9. (ffijE^) MIE^— ^^bi^c^^i^^=g;05 5~3 0 M t 

10 10. (MIE^) mrl2lS~^'fb^O^*&;^^^s 3 ~ 1 5 ^ mT-fcS r 
15 y^^-i^i. =^5^^/^^^ =/-^/^>^. ^/^Jryv^t/^i^-^/^ b ti^ 

29 



wo 00/52773 



PCT/JPOO/00731 



m 1 HI 




1X4 



wo 00/52773 

m 3 m 



PCT/JPOO/00731 



1.00 



,0.70 




HfilC 1 1S;tC 2 1S>&A 'Site 3 I&t^C 4 ISj^C 5 Ki^C 6 QMbC 7 «i&C 8 



H 4 @ 



1.0 
0.9 
0.8 
0.7 

m- 0.6 

B 0.5 

m 

W 0.4 
0.3 
0.2 
0.1 
0.0 



ES0.2C^SIi^f^ 




®)feD WilA Ht&Y 1 ajlbY 2 SSJIfcY 3 S^tbY 4 SatY 5 «jfeY 6 SilfcY 7 SittY 8 SJtfeY 9 



2/4 



wo 00/52773 

n 5 m 

1 -00 
0.99 
0.98 



^ 0.96 



PCT/JPOD/00731 



0.95 
0.94 
0.93 
0.92 



A 




STlfeE 3 


/ i 
1 1 

/—u 


■ ■ ■ 

mME Z 


-.A 


/ 1 

/ 1 

J / 




'"-"'vA 


/ 
1 




\ \ 
\ \ 

1 — Jb. 


1 
/ 
1 






i 

1 
t 

i 




\ 
\ 


mi&E 1 




r 

I 

I 


' — — — ' 1 1 1 1 



20 40 60 80 



100 



Hem 



1 

0 
0 

0. 
0. 

>^ 

oijsl 0. 
0. 
0. 
0. 
0. 



.000 
.995 
.990 
985 
980 
975 
970 
965 
960 
955 



lUkF 1 



0.2C^]^j!i^^^ 




£jfeF 4 



10 20 30 40 



50 



3/4 



wo 00/52773 



PCT/JPOO/00731 



m 7 



1.0 
1.0 
1.0 
fl.O 
^ 1.0 

m 1.0 

0.9 
0..9 
0.9 



-4~ 


my&D HjfeG 3 \ 


// SjfeG 2 




-Jl ^ x\ 








i 


— i 


: ^9 


1 1 ' 


—J 1 1 1 1 1 L._ 



6 8 10 12 14 16 18 20 22 



4/4 



INTERNATIONAL SEARCH REPORT 



International application No, 

PCT/JPOO/00731 



A. CLASSIFICATION OF SUBJECT MATTER 
Int.Cl^ HOIM 4/50 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl'^ HOIM 4/48-4/58, 10/40 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1994-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JICST S&T document file(JOIS) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 7-307164, A (Asahi Chemical Industry Co., Ltd.), 
21 November, 1995 (21.11.95), 

Column 2, line 4 0 to Column 3, line 25 (Family: none) 

JP, 11-3698, A (Japan Storage Battery Co., Ltd.), 
06 January, 1999 (06.01.99), 

Column 2, line 32 to Column 3, line 1 (Family: none) 

JP, 11-54122, A (Japan Storage Battery Co., Ltd.), 
26 February, 1999 (26.02.99), 

Column 2, line 37 to Column 4, line 21 (Family: none) 

THACKERAY M M,et al . , "Structual stability of LiMn204 
electrodes for lithium batteries". 
Journal of Power Sources , 1997 , Vol . 68 , No. 1 , 
pages 153 to 158 



1-3,8 



11-24 



4-5 
9-10 



1-24 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



• Special categories of cited documents: "T* 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
**£** earlier document but published on or after the international filing **X" 

date 

"L" document which may throw doubts on priority clatm(s) or which is 

cited to establish the publication date of another citation or other **Y" 
special reason (as specified) 

"O** document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
09 May, 2000 (09.05.00) 



Date of mailing of the international search report 
23.05.00 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



PCT/ J POO/00731 



A. ^m<Dm-r^^m(r>'$^m mmm^w^m d pc) ) 

Int.Cl' HOIM 4/50 



^^^notcm^Hmm mwMn^m dpo ) 

Int. CI' HOIM 4/48-4/58. 1 0/4 0 



^^mmm^m^AWi 1926-1996 

B:^m^^mmmmm^^m 1971-2000 

B:$:m^mMm^M'&n 1994-2000 

a:^mnm^^mm^m 1994-2000 



J I CST^^a^ff^CjUt^r-r/w (JO IS) 



c. m^-r^tmi^hiv^xm 



X 



J P, 7-30716 4, AiMiM^^^^), 21. 11 ^.199 

5(21.11.9 5),m2mm4 on^'m3m^2 5m-7T^ v — 

J P, 11-369 8.A(B^mMm^^^±), 6. 1^. 1 9 9 9 (O 
6.0 1.9 S).m2m^3 2tT~m3flg^lff (:7t 5: V-^J:U 

J P, 11-5412 2, A(B:^mm^^^^±), 2 6. 2M, 19 9 
9 (2 6. 0 2. 9 9),B2ffla^3 7tT~^4^^^2 in(y7^ V — 



1-3. 8 



11-24 



4-5 
9-10 



rxj i^{;iBaaros>5:s:Stx-fco-c, ^^^cfifc<oi?^f 

TYj m^mmcoij^xmx'h'^x. mrnxmitmo^iu 

i o T Jl*t±d5 JJC V ^ t % X f> S t> <^ 

r&j p— /-^T^v h7r 5 y — iXfilt 



0 9. 0 5. 0 0 



23.05.00 



B*H#fFiT ( I SA/J P) 
100-8915 



03-3581-1101 




4 X 



8 9 3 9 



3 4 3 5 



«SPCT/I SA/2 1 0 (^2'<— (1 9 9 8<¥7^) 



mmmmm^ pct/j po 0/00731 









A 


THACKERAY M M, et al. , "Structual stability of LiMn204 electro 
des for lithium batteries". Journal of Power Sources, 1997, 
Vol. 68, No. 1, pages 153 to 158 


1-24 



^ISCPCT/ I SA/2 1 O (^2-<— v?<Oii^#) (1 9 9 8^7^) 



